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(54) Fuel cell power plant with reformer 

(57) A reformer (3) supplies a reformate gas to af ue! 
cell stack (4). The reformer (3) generates a reformate 
gas by reforming gaseous fuel vaporized by a vaporizer 
(2). When current supply from the fuel cell stack (4) to 
the electric motor (21) undergoes a sharp decrease, un- 



necessary consumption of gaseous fuel is prevented by 
closing a first valve (11) which supplies gaseous fuel 
from the vaporizer (2) to the reformer (3) and by opening 
a second valve (13) which returns gaseous fuel in the 
vaporizer (2) to the fuel tank (6). 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to a fuel cell power plant 5 
provided with a reformer. 

BACKGROUND OF THE INVENTION 

[0002] Tokkai Hei 1 1 - 339831 published by the Japa- 
nese Patent Office in 1999 discloses a method of gen- 
erating a reformate gas for a fuel cell stack. That is to 
say, liquid fuel such as methane or gasoline is evapo- 
rated by a vaporizer and the gaseous fuel is processed 
in a reformer in order to generate a reformate gas having 
hydrogen as its principal constituent. The vaporizer is 
provided with a combustor acting as a heat source in 
order to evaporate the fuel. The combustor supplies 
heat required for fuel evaporation to the vaporizer by 
combustion of an anode effluent in the fuel cell stack. 

SUMMARY OF THE INVENTION 

[0003] In a fuel cell power plant using a reformate gas 
in this manner, fuel is supplied to the vaporizer in re- 
sponse to a power generation amount of the fuel cell 
stack. When the power generation amount of the fuel 
cell stack undergoes a sharp decrease or power gener- 
ation by the fuel cell stack is stopped, fuel already sup- 
plied vaporizer is vaporized and still forms a reformate 
gas in the reformer. However this reformate gas is not 
consumed by the fuel cell stack and flows into the com- 
bustor as an anode effluent. Thereafter it undergoes 
combustion in the combustor and is discharged to the 
atmosphere as an exhaust gas. At this point, since fuel 
supply to the vaporizer is stopped, the vaporizer does 
not require heat generation by the combustor. 
[0004] In other words, when the power generation 
amount of the fuel cell undergoes a sharp decrease or 
power generation by the fuel cell stack is stopped, the 
operational efficiency of the fuel cell power plant is ad- 
versely affected due to the fact that fuel already supplied 
to the vaporizer is unnecessarily combusted. 
[0005] It is therefore an object of this invention to pre- 
vent unnecessary consumption of fuel when the power 
generation amount of the fuel cell stack undergoes a 
sharp decrease or power generation by the fuel cell 
stack is stopped. 

[0006] In order to achieve the above object, this in- 
vention provides a fuel cell power plant comprising af uel 
tank storing liquid fuel, a vaporizer vaporizing liquid fuel 
in the fuel tank, a reformer generating a reformate gas 
containing hydrogen from gaseous fuel supplied from 
the vaporizer, a fuel cell stack operated by the reformate 
gas, a first valve cutting off supply of gaseous fuel to the 
reformer from the vaporizer, a recovery passage return- 
ing gaseous fuel in the vaporizer to the fuel tank, and a 
second valve cutting off the recovery passage. 



[0007] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Fig. 1 is a schematic diagram of a fuel cell pow- 
er plant for a vehicle according to this invention. 
[0009] Fig. 2 is a flowchart of a fuel recovery routine 
executed by a controller according to this invention. 
[0010] Fig. 3 is a schematic diagram of a fuel cell pow- 
er plant for a vehicle according to a second embodiment 
of this invention. 

[001 1 ] Fig. 4 is a flowchart of a fuel concentration con- 
trol routine executed by a controller according to the 
second embodiment of this invention. 
[0012] Fig. 5 is a schematic diagram of afuel cell pow- 
er plant for a vehicle according to a third embodiment of 
this invention. 

[0013] Fig. 6 is a schematic diagram of afuel cell pow- 
er plant for a vehicle according to a fourth embodiment 
of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Referring to Fig. 1 of the drawings, a fuel cell 
power plant according to this invention is provided with 
a fuel cell stack 4. The fuel cell stack 4 comprises accu- 
mulated polymer electrolyte fuel cells (PEFC). The pol- 
ymer electrolyte fuel cells generate power using a refor- 
mate gas containing hydrogen supplied from a reformer 
3 and air supplied from a compressor 7. 
[001 5] The reformer 3 is supplied with gaseous meth- 
ane from a vaporizer 2. Fuels such as gasoline contain- 
ing hydrocarbons may be employed instead of methane. 
[0016] The vaporizer 2 vaporizes liquid fuel supplied 
from a fuel tank 6 through a fuel pump 18 and supplies 
the gaseous fuel to the reformer 3. 
[0017] A combustor 1 generates the heat required for 
fuel evaporation in the vaporizer 2 and heat required for 
reformate reactions in the reformer 3. 
[0018] The combustor 1 is disposed in connection 
with the reformer 3 and combusts an anode effluent dis- 
charged from the fuel cell stack 4. The reformer 3 is 
heated by the heat of reaction. Heat required for fuel 
evaporation in the vaporizer 2 is supplied by discharging 
combustion gas through the vaporizer 2. 
[0019] A first valve 11 is provided in a passage 1 0from 
the vaporizer 2 to the reformer 3. A recovery passage 
12 is connected through a second valve 13 to the pas- 
sage 1 0 between the first valve 1 1 and the vaporizer 2. 
The recovery passage 12 is connected to a fuel tank 6 
through a condenser 5. 

[0020] The first valve 1 1 and the second valve 1 3 are 
solenoid valves which are opened and closed by signals 
from a controller 30. 
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[0021] During normal operation of the fuel cell power 
plant, gaseous fuel supplied from the vaporizer 2 to the 
reformer 3 is reformed to a reformate gas containing hy- 
drogen in the reformer 3 and supplied to the fuel cell 
stack 4. After the reformate gas is used in power gen- 
eration in the fuel cell stack 4, it is supplied as an anode 
effluent to the combustor 1 . The anode effluent under- 
goes combustion in the combustor 1 and is discharged 
as a combustion gas through the vaporizer 2 to the at- 
mosphere. 

[0022] Power generated in the fuel cell stack 4 is sup- 
plied to an electric motor 21 through an inverter 22. Sig- 
nals showing the current supply amount from the fuel 
cell stack 4 to the electric motor 21 are input from the 
inverter 22 to the controller 30. The controller 30 has the 
function of closing the first valve 1 1 and opening the sec- 
ond valve 13 when the current supply amount is less 
than a predetermined value. The controller 30 compris- 
es a microcomputer or plural computers each of which 
is provided with a central processing unit (CPU), a read 
only memory (ROM), a random access memory (RAM) 
and an input /output interface (I/O interface). The con- 
troller 30 executes a fuel recovery routine at intervals of 
ten milliseconds as shown in Fig. 2. 
[0023] Referring to Fig. 2, in a step S1 , a current sup- 
ply amount A from the fuel cell stack 4 to the electric 
motor 21 is read based on the signal from the inverter 
22. Then in a step S2, the current supply amount A is 
compared with a predetermined value. When the cur- 
rent supply amount A is not less than the predetermined 
value, the routine is terminated at that point. On the oth- 
er hand, when the current supply amount A is less than 
the predetermined value, the first valve 1 1 is closed and 
the second valve 1 3 is opened in a step S3 and the rou- 
tine is terminated. 

[0024] The operation of the compressor 7 and the fuel 
pump 1 8 is also controlled by signals from the controller 

30. 

[0025] When the power consumption of the electric 
motor 21 undergoes a sharp decrease or the operation 
of the electric motor 21 is stopped, reformate gas reac- 
tions in the fuel cell stack 4 undergo sharp decrease or 
are stopped. At this time, fuel supply from the fuel tank 
6 to the vaporizer 2 is stopped by the controller 30 by 
stopping operation of the fuel pump 18. However fuel 
already supplied to the vaporizer 2 is evaporated in the 
vaporizer 2 and is discharged in a gaseous state to the 
passage 10. Since the current supply amount A herein 
is less than the predetermined value, the first valve 11 
is closed and the second valve 1 3 is opened due to the 
fuel recovery routine executed by the controller 30 as 
described above. As a result, when the current supply 
amount A from the fuel cell stack 4 to the electric motor 
21 becomes less than the predetermined value, supply 
of gaseous fuel from the passage 10 to the reformer 3 
is promptly cut off. 

[0026] At this time, gaseous fuel in the vaporizer 2 and 
the passage 1 0 flows into the condenser 5 from the re- 



covery passage 12 through the second valve 13. The 
condensers liquefies the inflowing gaseous fuel by cool- 
ing and returns the fuel to the fuel tank 6. 
[0027] When it is required that the fuel cell stack 4 
resumes reactions in order to supply required power to 
the electric motor 21 , the controller 30 resumes power 
generation by the fuel cell stack 4 by closing the second 
valve 13, opening the first valve 11 and re-supplying 
gaseous fuel from the vaporizer 2 to the reformer 3. 
[0028] According to this fuel cell power plant, when 
power generation in the fuel cell stack 4 is stopped in 
this type of fuel cell power plant, fuel supply to the re- 
former 3 is immediately terminated and fuel vaporized 
by the vaporizer 2 is returned through the second valve 
13 and the condenser 5 to the fuel tank 6. Since recov- 
ered fuel is reused in power generation, the operational 
efficiency of the fuel cell power plant is improved by 
avoiding fuel wastage. Furthermore due to the fact that 
fuel supply to the reformer 3 is immediately stopped, the 
flow of reformate gas to the vaporizer 2 through the fuel 
cell stack 4 is also promptly stopped. Thus the time re- 
quired in order to stop heat supply to the vaporizer 2 is 
short which thus reduces the time required in order to 
stop the operation of the fuel cell power plant. Consump- 
tion of air in the combustor 1 is also reduced by quickly 
stopping combustion of reformate gas in the combustor 
1 . Thus energy consumption for operating the compres- 
sor 7 can also be reduced. 

[0029] Recovery of gaseous fuel is performed with the 
internal pressure of the vaporizer 2 without using a 
pump. Thus gaseous fuel recovery does not consume 
energy. Furthermore since fuel flows into the fuel tank 
6 after gaseous fuel in the recovery passage 12 is liq- 
uefied in the condenser 5, the pressure in the fuel tank 
6 does not increase. 

[0030] A second embodiment of this invention will 
now be described with reference to Figs. 3 and 4. 
[0031] In this embodiment, a methanol tank 15 and a 
water tank 16 are provided on the fuel tank 6 which 
stores a mixture of methanol and water. The methanol 
tank 1 5 is connected to the fuel tank 6 by a supply pipe 
15A and the water tank 16 is connected to the fuel tank 
6 by a supply pipe 16A. The supply pipes 15A and 16A 
are respectively provided with a methanol valve 1 5B and 
a water valve 16B. These valves 15B, 1 6B comprise so- 
lenoid valves which are opened and closed in response 
to signals from a controller 20. The controller 20 com- 
prises a microcomputer which has a similar construction 
as that of the controller 30. It is also possible to provide 
the controller 30 with the functions of the controller 20. 
[0032] A methanol concentration sensor 1 7 which de- 
tects a methanol concentration is provided in the fuel 
tank 6. The methanol concentration detected by the 
methanol concentration sensor 1 7 is input as a signal to 
the controller 20. 

[0033] The controller 20 operates the methanol valve 
15B and the water valve 16B in order to maintain the 
methanol concentration in the fuel tank 6 to a fixed con- 
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centration based on the methanol concentration input to 
the controller 20. 

[0034] The controller 20 executes a methanol con- 
centration control routine as shown in Fig. 4 for this pur- 
pose. This routine is executed at intervals of ten milli- 
seconds during normal operation of the fuel cell power 
plant. 

[0035] Firstly in a step S11 , the methanol concentra- 
tion D detected by the methanol concentration sensor 
1 7 is read by the controller 20. 

[0036] Then in a step S12, it is determined whether 
or not the methanol concentration Dis equal to a preset 
target concentration. When the methanol concentration 
is equal to the target concentration, the routine is termi- 
nated at that point without proceeding to subsequent 
steps. 

[0037] When the methanol concentration D is not 
equal to the target concentration, it is determined in a 
step S13 whether or not the methanol concentration D 
is higher than the target concentration. When the meth- 
anol concentration D is higher than the target concen- 
tration, the controller 20 closes the methanol valve 1 5B 
and opens the water valve 16B in a step S14, and the 
routine is terminated. When the methanol concentration 
D is not higher than the target concentration, it means 
that the methanol concentration D is lower than the tar- 
get concentration due to the relation with the step S12. 
In this case, in a step S15, the controller 20 opens the 
methanol valve 1 6B and closes the water valve 1 6B, and 
the routine is terminated. 

[0038] In other respects, the fuel cell power plant is 
identical to that of the first embodiment. 
[0039] This embodiment allows the methanol concen- 
tration in the fuel tank 6 to be always maintained to the 
target concentration. 

[0040] A third embodiment of this invention will be de- 
scribed with reference to Fig. 5. 
[0041] In this embodiment, a relief valve 1 4 is provid- 
ed instead of the valve 13 of the first embodiment. In 
other respects, the fuel cell power plant is identical to 
that of the first embodiment. 

[0042] The relief valve 1 4 is opened in response to a 
pressure increase in gaseous fuel in the passage 1 0 and 
the vaporizer 2 and allows gaseous fuel to flow into the 
condenser 5 via the recovery passage 12. Thus opera- 
tions performed during sharp reductions in the power 
consumption by the electric motor 21 or when driving of 
the electric motor 21 is stopped can be performed by 
merely closing the valve 11 . After closing the valve 1 1 , 
the pressure of gaseous fuel in the passage 1 0 and the 
vaporizer 2 is maintained to a set pressure by the relief 
valve 14. Due to this pressure, when operation of the 
fuel cell power plant is resumed, gaseous fuel is imme- 
diately supplied to the reformer 3 when the valve 11 is 
opened, so start-up time can be shortened. 
[0043] A fourth embodiment of this invention will be 
described with reference to Fig. 6. 
[0044] In this embodiment, methanol and water are 



separately stored in tanks 6A and 6B. The methanol 
tank 6A is connected to a methanol vaporizer 2A 
through a pump 18A. The water tank 6B is connected 
to a water vaporizer 2B through a pump 1 8B. The meth- 
5 anol vaporizer 2A is connected to the reformer 3 through 
a passage 1 0A and a valve 1 1 A. The water vaporizer 
2B is connected to the reformer 3 through a passage 
10B and valve 11B. 

[0045] A recovery passage 1 2A is connected through 
10 a relief valve 1 4A to the passage 1 0A between the meth- 
anol vaporizer 2A and the valve 11 A. A recovery pas- 
sage 12B is connected through a relief valve 14B to the 
passage 10B between the water vaporizer 2B and the 
valve 11 B. The recovery passage 12A is connected to 
15 the methanol tank 6A through a condenser 5A. The re- 
covery passage 12B is connected to the water tank 6B 
through a condenser 5B. 

[0046] In other respects, the construction of the power 
plant is identical to that of the power plant of the first 

20 embodiment. 

[0047] According to this embodiment, water and 
methanol are supplied separately to the reformer 3, and 
during sharp reductions in the power consumption by 
the electric motor21 or when driving of the electric motor 

25 21 is stopped, methanol and water are separately re- 
covered. 

[0048] The contents of Tokugan 2000-368460 with a 
filing date of December 4, 2000 in Japan, are hereby 
incorporated by reference. 

30 [0049] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 

35 in the art, in light of the above teachings. 

[0050] The embodiments of this invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 



40 

Claims 

1 . A fuel cell power plant comprising: 

is a fuel tank (6, 6A) storing liquid fuel; 

a vaporizer (2, 2A) vaporizing liquid fuel in the 
fuel tank (6, 6A); 

a reformer (3) generating a reformate gas con- 
taining hydrogen from gaseous fuel supplied 
50 from the vaporizer (2, 2A); 

a fuel cell stack (4) operated by the reformate 
gas; 

a first valve (11 , 11 A) cutting off supply of gas- 
eous fuel to the reformer (3) from the vaporizer 
55 (2); 

a recovery passage (12, 12A) returning gase- 
ous fuel in the vaporizer (2) to the fuel tank (6); 
and 
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a second valve (13, 14, 1 4A) cutting off the re- mined amount (S1 - S3), 

covery passage (12, 12A). 

2. The fuel cell power plant as defined in Claim 1, 
wherein the fuel cell power plant further comprises 5 
a gaseous fuel supply passage (10) connecting the 
vaporizer (2) and the reformer (3), the first valve (1 1 ) 

is provided in the gaseous fuel supply passage (1 0), 
and the recovery passage (12) is connected 
through the second valve (13, 14, 14A, 14B)tothe io 
gaseous fuel supply passage (10) between the va- 
porizer (2) and the first valve (11 ). 

3. The fuel cell power plant as defined in Claim 1 or 
Claim 2, wherein the liquid fuel contains a mixture 15 
of methanol and water, and the fuel cell power plant 
further comprises a methanol valve (1 6B) supplying 
methanol to the fuel tank (6), a water valve supply- 
ing water to the fuel tank (6), a sensor (1 7) detecting 

a methanol concentration in the fuel tank (6) and a 20 
controller (20) functioning to open and close the 
methanol valve (16B) and the water valve (15B) re- 
spectively to cause the methanol concentration to 
coincide with a predetermined target value (S11 - 
S15). 



25 



4. The fuel cell power plant as defined in Claim 1 or 
Claim 2, wherein the fuel cell power plant further 
comprises a water tank (6B) storing water, a second 
vaporizer (2B) vaporizing water in the water tank 30 
(6B) and supplying the vaporized water to the re- 
former (3) : a third valve (1 1 B) cutting off water vapor 
from the second vaporizer (2B) to the reformer (3), 

a second recovery passage (12B) returning water 
vapor in the second vaporizer (2B) to the water tank 35 
(6B), and a fourth valve (14B) cutting off the second 
recovery passage (12B). 

5. The fuel cell power plant as defined in Claim 1 or 
Claim 2, wherein the second valve (13, 14, 14A) *o 
comprises a relief valve (14, 14A) which opens 
when a pressure of gaseous fuel in the vaporizer 

(2) exceeds a set pressure. 

6. The fuel cell power plant as defined in Claim 1 or *s 
Claim 2, wherein the fuel cell power plant further 
comprises a condenser (5, 5A) condensing gase- 
ous fuel in the recovery passage (12, 12A). 

7. The fuel cell power plant as defined in Claim 1 or 50 
Claim 2, wherein the fuel cell stack (4) is connected 

to an electrical load (21), and the fuel cell power 
plant further comprises a sensor (22) which detects 
a current supply amount from the fuel cell stack (4) 
to the electrical load (21 ), and a controller (30) f unc- 55 
tioning to close the first valve (11 , 11 A) and open 
the second valve (13, 14, 14A) when the current 
supply amount has become lower than a predeter- 
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necessary consumption of gaseous fuel is prevented by 
closing a first valve (11) which supplies gaseous fuel 
from the vaporizer (2) to the reformer (3) and by opening 
a second valve (13) which returns gaseous fuel in the 
vaporizer (2) to the fuel tank (6). 
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